It is shown that the concept of atomic charge in molecules is a useful tool in studying electrostatic potentials at the nuclei which in turn are closely related to a number of molecular properties. Calculations executed on a selected set of widely different compounds provide extensive evidence that the semiempirical SCC-MO (self-consistent charge) atomic charges are equally successful in this respect as the ab initio DZ ones.
Introduction
The electrostatic potentials exerted at the nuclei in molecules involve high content of chemical information [1] . They are closely related to inner-shell binding energy shifts revealed by the XPS (or ESCA) technique [2] [3] [4] [5] [6] , diamagnetic shielding of the nuclei [7] and to the total molecular energies [8, 9] , Consequently, it is desirable to have at the disposal an efficient, inexpensive and reliable method of calculating the intramolecular electrostatic potentials. It is the purpose of this work to show that the semiempirical self-consistent charge MO (SCC-MO) method provides such a simple tool. This is not surprising because the SCC-MO method proved very useful in discussing properties of the groundstate charge distribution in molecules as evidenced by the calculation of molecular dipoles [10] , quadrupole moments [11] and ESCA chemical shifts [6] , Conclusive evidence will be given here which shows that the electrostatic potentials at the sites of the nuclei can be satisfactorily accounted for by using the simple and transparent point-charge concept.
The Calculations
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where the sums are extended over all AOs <t> ß of the basis set. Employing the Mulliken approximation <2> /( 0 v = (1/2) S ßY ((t>l + (t> 2 v ) and Taylor-expansion of the operator \/r A terminating after the first term, one obtains straighthforwardly the following approximate formula
B B
where Q fl = P MfJ + X X' V and Q B = X Q» are B v n gross orbital and atom populations, respectively. Here, the provision is taken for the difference in screening of s-and p-type of AOs. The second term in (2) is customarily called the Madelung potential in analogy with the term appearing in solid state theory. Taking into account the influence of the nuclei (B 4= A), the electrostatic potential at the site of the atom A reads
Thus the potential is expressed in terms of formal atomic charges which combine the computational and conceptual advantages. The most direct way to check the point-charge approach is to compare the results for both sides of (3) calculated within the same set of approximations. We shall use for this purpose the ab initio DZ results of Snyder and Bäsch [13] for two reasons. It is the largest compendium of ab initio calculations performed on the medium size molecules obtained at the same level of sophistication. Secondly, DZ quality of the wave-0340-4811 / 83 / 0300-0308 $ 01.3 0/0. -Please order a reprint rather than making your own copy.
functions ensures that the (0 1 /r A 0) expectation values are close to the true ones because this oneelectron property is little affected by electron correlation and use of the larger basis sets involving polarization funcions etc. [14] . However, before we employ (3) a short analysis of the Mulliken approximation is in place. It is known that it works very well for two-center \/r A integrals. The DZ Gaussian basis set, however, has two primitive Gauss-type functions per AO which are strongly coupled, i.e. have large one-center overlap integrals. The accuracy of the Mulliken one-center approximation will be measured by the entity A^v
The integrals appearing in (4) are rigorously computed by using Snyder-Basch basis set functions, which in turn are denoted in pairs by: si, s2; s3, s4; xl, x2; yl, y2; zl, z2. It should be pointed out that A^v = 0 if the overlap integral between and <P Av vanishes due to the difference in symmetry properties since the \/r A operator is totaly symmetry. The first two functions describe "Is" orbital, the second pair belongs to the "2s" type orbital and the rest corresponds to three "2p" type orbitals. The rigorous treatment of the one-center term in (1) yields the slightly more involved expression for the electrostatic potential than (3)
Inspection of the (3) and (5) 
B where adjustable constants k Ai (i = 1,2,3) depend only on the nature of the atom A. They are determined by the least-squares method fitting the rigorous (1//' A ) expectation values of Snyder and Bäsch [13] .
The concept of point-charge is more useful within the framework of the ab initio theory for interpretative purposes than for the actual computation of one-electron properties. In contrast, its role is much more important in semiempirical description of chemical bonding. Therefore we examined the performance of the SCC-MO method in the calculation of the potentials at the nuclei. A discussion of this semiempirical method was given previously [11] and is not to be repeated here. It should be only pointed out that Clementi-Raimondi AOs [15] were employed in the calculations.
Results and Discussion
The intramolecular electrostatic potentials calculated by using SCC-MO and ab initio formal atomic charges for a selected set of widely different molecules are compared with (1 /r A ) expectation values in Table 3 . Both formulas, scaled (7) and unsealed (3), were utilized. The agreement with ab initio DZ results is quite satisfactory particularly for the weighted point-charge approach. This is evidenced by the averaged absolute errors which drop from the 0.11 (unsealed) to 0.03 (scaled) for ab initio DZ atomic charges (in au). The corresponding values for the SCC-MO calculations read 0.08 and 0.03, respectively. Thus, the simple SCC-MO method has on average the same performance as the ab initio DZ one within the limits of the point-charge approximation. It is interesting to examine the quality of the results for particular nuclei. Ab initio values are better for H and C whereas SCC-MO results are superior for nitrogen. Both approaches have about equal performance for oxygen. Another point of interest are k A2 constants which are in absolute value very close to unity irrespective of the atom A. This shows conclusively that the Madelung term describes quite accurately the many-center contributions to the (1//'A) expectation values. It also supports our contention that widely different weighting factors of the Madelung terms in the semi-empirical treatments of ESCA chemical shifts describe in fact a part of the relaxation process taking place upon photoionization [6] . It should be mentioned in this connection that ESCA shifts are reproduced by the SCC-MO method much better than the absolute values of the potentials at the nuclei [6] , The standard deviations of the former are smaller by at least 50%. This is a consequence of the substantial cancellation of errors since the ESCA shifts are measured for to the same nucleus in different chemical environments and relative to a particular bonding situation taken as a standard.
Although the results of the SCC-MO method are satisfactory, there is still room for improvement. It would be probably advantageous to avoid equipartitioning of the mixed charge inherent in the Mulliken population analysis and to distinguish between the atom and bond charges. The latter were found to be useful in considering stretching force constants [16] and were placed between the bonded atoms.
Since the intramolecular electrostatic potentials are fairly well reproduced by the SCC-MO atomic charges, even better results by this simple approach can be expected in the calculation of extramolecular equipotential curves particularly at medium and large distances. This is of some importance because extramolecular potentials provide a very useful index of chemical reactivity especially in determining regions of the molecule that are susceptible to electrophilic attack [17] ,
